Soils contaminated with hydrocarbons (C 10 to C 50 ) and other contaminants were recently discovered in the banks of the Saint-François and Massawippi Rivers, which are between the municipalities of Eustis and Drummondville (southern Québec). It is probable that this contamination originated from accidental or illegal discharges at the site of the old Eustis mine located near the Massawippi River. The contaminated layers sometimes extend more than one metre in the banks. Unlike water quality monitoring, which resulted in numerous government reports, no studies have been done on the contamination of Saint-François and Massawippi riverbanks or river bed sediments, even though these rivers pass through former industrial and mining areas. This study provides an evaluation of the spatial distribution of the contamination along the riverbank and characterizes the contaminated soils in order to evaluate the concentration levels of hydrocarbons and other pollutants (e.g., heavy metals). The results obtained show that the banks of the Windsor area are more contaminated by hydrocarbons (C 10 to C 50 ) than the other sites. The other pollutants (heavy metals, PCBs [polychlorinated biphenyl], and PAHs [polycyclic aromatic hydrocarbons]) indicated low levels of contamination, except for some metals (Cu and Zn). The Ministère du Développement Durable, de l'Environnement et des Parcs uses three generic criteria or levels (A, B, and C) to determine the degree of soil contamination. The levels B and C indicate the presence of contaminants in soil, and these levels have certain usage constraints.
Introduction
The industrial era was marked by extensive industrial use of lakes, rivers, and streambanks. These environments facilitated the use of water resources, which were virtually inexhaustible for manufacturers and industries (e.g., use of large amounts of water by pulp and paper and chemical industries). In many cases, these activities led to the major pollution and contamination problems found today (Deniseger and Kwong 1996; Marsalek et al. 1997; Walker et al. 2002; Forsythe et al. 2004; Kovacs et al. 2004; Martin 2004; Carter et al. 2006) . The growing use of petroleum products in various forms was added to other pollution sources, which can be easily traced (Van Vleet and Quinn 1978; Hoffman et al. 1983; Saint-Laurent et al. 1995; Larkin and Hall 1998; Cozzarelli et al. 2001; Dror et al. 2001; Nikanorov and Stradomskaya 2003; Armstrong et al. 2005) . For instance, anthropic contamination by polycyclic aromatic hydrocarbons (PAHs) or polychlorinated biphenyls (PCBs) is easily recognizable by its high sediment concentration, which exceeds by far the trace quantities found in nature (Morton 1983; Christensen et al. 1996; Malawska and Wilkomirski 2000) . Also, petroleum products (especially heavy oils) can be present for extended periods in lake and streambed sediments (Hoffman et al. 1983; Larkin and Hall 1998) . The presence of hydrocarbons, heavy metals, and other pollutants (PAHs, PCBs, etc.) in soils and sediments (riverbanks, lakes, etc.) has a direct impact on aquatic systems and water quality, particularly in areas subject to severe contamination. These contaminants in high concentrations are considered to be substances that affect wildlife, causing eggshell thinning, tumours, and other deformities (St-Onge and Richard 1996; Dumaresq and Parker 2002; Dupuis et al. 2002) . Elevated concentrations of pollutants in the river or lacustrine environment are known to endanger ecosystems and introduce a potential risk for human health (CCREM 1986; CCME 1994) . For example, heavy metals (lead in particular) in high concentrations have adverse effects on human health, through heavy metal poisoning, affecting the central nervous system and/or acting as cofactors in many other diseases (Bellinger 1995; Tripathi et al. 2001 ).
This study focuses on a case of contamination, along the riverbanks of the Saint-François and Massawippi Rivers, that was never recorded in government reports or in scientifi c literature. This recent discovery led to the identifi cation of soils contaminated mainly by C 10 to C 50 hydrocarbons and other pollutants, with the contamination extending over more than 100 kilometres of riverbank between the municipalities of Eustis and Drummondville (southern Québec). The main source of contamination appeared to be a former mine site (Eustis mine) that has been closed since 1939 (Ross 1975) , but which now serves as a pulp and paper waste disposal and storage site. The objectives of this study were to (1) determine the spatial extent of the contamination and the main types of contaminants found in the riverbank soils, and (2) evaluate the concentration levels of the contaminants along the riverbank at different sites. The analysis was focused on determining the concentrations of hydrocarbons (C 10 to C 50 ), heavy metals, PAHs, and PCBs in the contaminated soil, and some physical and chemical properties of the soil profi les (pH, total organic carbon, grain size). The procedures for sampling and laboratory analysis followed the criteria and guidelines decreed in the Québec's Soil Protection and Rehabilitation of Contaminated Sites Policy from the Ministère du Développement Durable, de l'Environnement et des Parcs (MDDEP 2007) . It is important to evaluate the spatial distribution and concentration levels of hydrocarbon contamination and other pollutants in the riverbanks, which can affect the quality of the surface water and groundwater. It is known, however, that hydrocarbons are poorly soluble substances in general, and that these contaminants accumulate preferably on the surface or at the bottom of groundwater, according to the density of the pollutant (BRGM 2001) .
Study Area and Water Quality
The study area is located in the Saint-François River basin, which covers a surface area of 10,230 km 2 (MEF 1996) , 14% of which is found in the United States. The Saint-François River is the main body of water in this vast catchment, and it originates in the Saint-François reservoir lake, which is located in the Appalachians, and fl ows northward to feed into the St. Lawrence River at Lake Saint-Pierre. The magnitude of industrial, urban, and agricultural activities in the Saint-François River basin led the Environment Ministry to monitor water quality, which resulted in numerous government reports (Primeau 1992; Laliberté and Leclerc 2000; Leclerc and Mueldermans 2002; Berryman et al. 2003; Painchaud 2007) . The initial water quality control measures undertaken by the Ministère de l'Environnement, in particular in the industrial sector, date back to the 1970s; further government measures were added in 1988 and aimed at reducing industrial waste emissions into the air, water, and soil (MEQ 1999) . In 1991, there were 30 manufacturing companies likely to release polluting emissions into the basin's various rivers (MEF 1996) , including pulp and paper mills, which are considered highly polluting (Berryman 1996) . The government reports mentioned that the waters of the Saint-François and Massawippi Rivers were severely contaminated by industrial and agricultural wastes, though the situation has improved since the 1990s. The installation of wastewater treatment plants from 1990 to 2000 (Berryman and Pelletier 2001) in most of the municipalities along the Saint-François River and its main tributaries seems to have helped decrease the concentration levels of several contaminants detected downstream of Drummondville (e.g., PAHs, PCBs, fatty acids, resin acids). Government data on the quality of the water in the Saint-François river catchment reveal that the areas most affected by industrial, urban, and agricultural waste are mainly found downstream of Lennoxville and Sherbrooke. The decrease in water quality is mainly caused by high levels of fecal coliform bacteria, total phosphorus, nitrates/ nitrites, total suspended solids, and turbidity. Severe metal contamination and heavy acidifi cation of the effl uents alongside the mine sites, including the former Capelton and Eustis sites, were also found (Berryman 1996; Laliberté and Leclerc 2000; Berryman and Pelletier 2001; Berryman et al. 2003) . Unlike water quality monitoring, no studies have been done on the contamination of Saint-François and Massawippi River sediment or soil, even though these rivers pass through former industrial and mining areas. Note that the Massawippi River, a major tributary of the Saint-François River, fl ows near a former mining site (Eustis mine) that was in operation from 1865 to 1939 (Ross 1975) . During this period, the ore extracted from the site consisted of copper and pyrite (chalcopyrite mineral), and from 1889 to 1927, about 34,000 tons of ore were extracted per year (Ross 1975) . At the site, open heap ore roasting was done, and later, large furnaces were used to eliminate a large portion of the sulphur in the ore through combustion followed by melting to increase the copper content (between 40 and 70%). The author (Ross 1975 ) mentions that the streams received a variety of suspended and dissolved pollutants from discharged mine waters. One can assume that a portion of the mining waste is now part of the Massawippi riverbed. No studies were done to assess the proportion of mining waste in the riverbed, but layers of ore are found buried all over the riverbanks; these layers can easily attain 3 to 5 cm in thickness, and are easily identifi able through a reddish colour or by rust. Like several other former mine sites, the Eustis mine is considered an "orphaned" mine site, which are usually under the responsibility of the Ministère de l'Environnement du Québec. This site currently serves as a pulp and paper waste disposal and storage site, and in 2006, the Québec government announced investments of more than 1.5 million dollars for its restoration.
Materials and Methods

Spatial Distribution of Contaminants
To identify the probable source of the contamination and assess the spatial distribution of the contaminants along the riverbank, fi eld work was conducted between 2003 and 2006. The study area was divided into fi ve-kilometrelong sections using topographic maps (MRNFP 2000) and maps of high-risk fl ood zones (Environment Canada and MEF 1981) over a distance of 103.5 km. The fi vekilometre sections were subdivided into one-kilometer sections in order to obtain the best spatial contamination representation. Sampling sites were selected randomly within each kilometre. In the section upstream of Windsor and downstream of Sherbrooke, only two sites were retained due to the predominance of rocky substrate along the riverbank (approximately 50 km of rocky riverbanks between these two municipalities). Site selection criteria also took into account soil materials that showed visual and olfactory indicators of contamination (e.g., thickness of contaminated soil, strong colour, marked odour), but no discrimination was made between a soil profi le showing either a high or low contamination. In all, 41 sampling sites and 4 observation sites were selected along the riverbank, and included sites on 6 islands on the Saint-François River (Fig. 1) . A Global Positioning System (GPS) survey was done at each site so that each one could be located on the mapping medium using the ArcGIS software program (versions 8.2 and 9.0). The sites were then positioned on orthophotographs at a scale of 1:40,000 ( Fig. 1 ). This fi eld work was used to delineate the riverbanks affected by the contamination, which extends from the municipality of Eustis (Massawippi River) to the municipality of Drummondville (Saint-François River). The sampling campaigns were done in late summer (August) or fall (September to October), when river water levels are usually lower.
Analysis of Soil Properties and Contaminated Layer
Of the 41 sites, 20 soil profi les along the riverbanks were selected for sampling the soil materials (horizons) and the contaminated layer. Another contaminated layer was also sampled near the former Eustis mine (EUS), where traces of hydrocarbons were visible on the surface. Samples of contaminated soils were also taken from a public beach (STO-1) at Drummondville (a total of 22 sites including EUS and STO-1 sites). For the 20 soil profi les, a trench was dug along the riverbank in order to reach the contaminated layers, which in some cases were found at a depth of more than one meter. The data collected in the fi eld consisted of the depth at which the contaminated soils were found, the distance separating the trench from the riverbank, and the description of the soil profi le (e.g., facies and soil texture, colour of horizons, stoniness), and the soil samples were collected for laboratory analysis. The morphological and properties analysis of the soil was done on the same profi les that were used for the contaminated layer sampling. For each profi le, the collected soil horizons were identifi ed in the fi eld using the criteria of the Canadian System of Soil Classifi cation (CSSC) (SCWG 1998) and the Canada Soil Information System (CanSIS 1982) . The thickness of the soil horizons, their texture and colour (Munsell chart), and structure and stoniness were noted. The morphological analysis also helped to properly position the limits of the contaminated layers in each of the analyzed profi les. Soil samples were collected and analyzed in the laboratory to better characterize the texture of the deposits and evaluate chemical characteristics (pH, total organic carbon) based on the CSSC's criteria (SCWG 1998) . For each soil profi le, the samples (±500 grams) were collected at defi ned depths (e.g., 20, 40, 60, 80, 100 cm) and used for the physical and chemical analyses. All of the samples were air-dried and passed through a 2-mm stainless steel sieve. For the grain size analysis, the sandy fraction was obtained by sieving, while the fi ner fractions were obtained using a hydrometer. The methods used for the chemical analysis consisted of determining the pH in CaCl 2 (0.01 M) using a 1:2 soil to solution ratio (Carter 1993), and the total organic carbon (TOC) content using the method developed by Yeomans et al. (1988) . For the contaminated layer, the sampling method consisted in taking samples of soils that were mixed in a receptacle to ensure the homogeneity of the sample. A total of 34 samples from 22 stations was used (two samples by station), including 22 samples for the analysis of hydrocarbons (C 10 to C 50 ) and 12 other samples for the analysis of other contaminants (heavy metals, PCBs, and PAHs). The soil samples from the contaminated layer were collected according to the depth of the layer, which varied considerably from one profi le to another. No duplicates of soil materials were taken in the fi eld. The soil samples were then stored in sterile containers (glass bottles) and refrigerated at the site. The samples were used to analyze C 10 to C 50 hydrocarbons, PCBs, PAHs, and heavy metals. The analysis for the hydrocarbon samples was done using gas chromatography coupled with a fl ame ionization detector (GC-FID). The detection limit for the C 10 to C 50 hydrocarbons was 60 mg/kg of dry matter. The results were indicated by a regression curve (data not shown) and expressed as mg/kg of petroleum hydrocarbons (C 10 to C 50 ), given the nature of the samples (dry soil materials). The analysis protocol was completed by an outside laboratory (Biolab Inc.) accredited by the Ministère du Développement durable, de l'Environnement et des Parcs du Québec (MDDEP 2007 ; see also http:// www.ceaeq.gouv.qc.ca/methodes/chimie_org.htm#bpc_ cong). The heavy-metal content was analyzed for the soil samples collected in the contaminated layer. These analyses were done according to procedures drawn up by the MDDEP (2007). The samples were dissolved using HNO 3 . The resulting liquid residue was then analyzed using plasma mass spectrometry (ICP-MS). The complete procedures used by Biolab Laboratory are available in the government documents (CEAEQ 2005a), and the laboratory is certifi ed by the Ministère de l'Environnement du Québec, which requires duplicate analyses to validate the laboratory tests (MEQ 2004 ). The quality control and acceptability criteria (QA/QC) had to conform to government document DR-12-SCA-01 (CEAEQ 2005b) and were applied as follows: (i) the curve determination coeffi cient should be at least 0.995, and (ii) the duplicate analytical method must be under the methodological quantifi cation limit. The randomly tested check standards should not exceed 20% of the target value, except for the level 1 standard, which is used more to ensure that sensitivity is adequate.
Results and Discussion
Spatial Distribution of the Contamination in the Riverbanks
The fi eld work along the riverbanks of the Saint-François and Massawippi Rivers revealed that the contamination extends from the small municipality of Eustis to the municipality of Drummondville (Saint-Nicéphore sector) ( Fig. 1) . No other traces of contaminants were found outside the boundaries of the river section. From Eustis to Drummondville, both riverbanks are contaminated with hydrocarbons (C 10 to C 50 ) over about 103.5 km. Contaminated soil was also found on the six islands between Windsor and Drummondville. The banks of the Massawippi River, starting from the former Eustis mine (MASE-2 and EUS sites), contain contaminants that extend over several kilometers downstream (MASO-1 MASO-2, MASO-13, and MASO-13-2 sites). However, no contamination was observed (no visual and olfactory traces) in the soil materials of the banks upstream of the Eustis mine site. If one considers just the thickness of the contaminated soil (not the concentration of hydrocarbons), the most problematic sites are those in the Massawippi sector (e.g., MAS-13 and MAS-13-2). The contaminated layers may extend over more than one meter in depth in the riverbank soil (Fig. 2) , and the colouration and odour are more pronounced. However, the values obtained for the concentration of hydrocarbons in this sector do not exceed 300 mg/kg, except for the EUS site (380 mg/kg) where the samples were taken from the former mine site.
None of the documents consulted (e.g., government reports, archives, or newspapers) showed any contamination by hydrocarbons or petroleum products along the Saint-François and Massawippi Rivers. The only information obtained comes from two regional newspaper articles indexed by the Société d'histoire de Sherbrooke. Based on the information recorded in the newspapers, the pollution events in the Saint-François River seem to have occurred on two separate occasions, i.e., October 25, 1955 and May 17, 1963 , though no details on the events or their causes are provided (La Tribune 1955 Tribune , 1963 . Furthermore, no mention in the articles is made of the pollution's origin (e.g., discharge of oil spills or other contaminants). The October 1955 article mentions a case of pollution extending over 45 miles (±72 kilometres) along the Saint-François River, but this water pollution would be more associated with industrial waste, such as from pulp and paper mills. The May 1963 article mentions that the pollution was found within the municipality of Sherbrooke (around the Aylmer bridge in the downtown area). We read that, along the Saint-François River, there were large oil slicks whose source was unknown. However, it is probable that other contamination events (e.g., local contamination) occurred but were not mentioned in the documents that were consulted. Finally, the amount and nature of the hydrocarbons released into the rivers remains entirely unknown, but these pollutants must be suffi ciently soluble to penetrate into the riverbank soil materials. These pollutants can also migrate into soil and thus spread through the vertical and lateral layers of the profi le (Cozzarelli et al. 2001 ). However, a minimal amount of contaminant is required for such dissemination in the soil materials, and the properties of the fl uid must be relatively immiscible (BRGM 2001).
Concentration of Contaminants
The C 10 to C 50 hydrocarbon concentrations varied from one site to the next. The samples taken from the Windsor sector (STO-4 and STE-11) and on Morin Island (ISL-4) show the highest levels of contamination (Table 1 ). In addition, various sites show moderate contamination (STO-14 and STO-15). For the soil samples for which the concentration of hydrocarbons indicated values between 300 and 700 mg/kg (B criterion), contaminated materials were considered. These levels create certain usage constraints since the standards issued by the Ministère du Développement durable, de l'Environnement et des Parcs du Québec (MDDEP 2007 ; see also http:// www.mddep.gouv.qc.ca/sol/terrains/politique/annexe_2_ tableau_1.htm) state that any contaminated soil with contaminant levels ranging within the B criterion (B to C level) means that the soils contain organic or inorganic contaminants. According to the Policy on Soil Protection and the Rehabilitation of Contaminated Lands (MDDEP 2007) , contaminated soil is categorized based on the following criteria: contamination levels A to B, residential uses; levels B to C, industrial uses; levels >C, use is prohibited without treatment. Upstream of Windsor, soil contamination in the riverbanks (STE-8 and STO-7) was less concentrated but still present (<80 mg/kg). The samples taken from the Richmond (ISL-4) and Windsor (STO-4 and STE-11) sectors (Fig. 1) showed a relatively high C 10 to C 50 hydrocarbon contamination rate, i.e., 582 and 660 mg/kg, respectively (Table 1) . Lastly, the lowest concentration levels were found in the samples taken from the municipal beach in Drummondville (STO-1) and at the Massawippi site (MAS-13), which was contaminated at a hydrocarbon level of <60 mg/kg of dry matter. This concentration corresponds to the hydrocarbon detection limit and does not represent a potential hazard according to the MDDEP's contaminated soil criteria (MDDEP 2007) . Note that soil with less than 300 mg/kg of dry matter is part of the A criterion, which does not involve any usage constraints (Beaulieu 1998; MDDEP 2007) . With respect to heavy metals, PCBs, and PAHs, 12 samples were analyzed. These were the same soil profi les (contaminated layer samples) that were used for the C 10 to C 50 hydrocarbon analysis. The results obtained showed low levels of heavy metal, PCB, and PAH contamination, except for the STO-10, STO-13, STO-15, and STE-8 sites, which show higher concentrations for As, Cd, Cu, and Zn (Table 2) , and the concentration levels of the samples (Cu and Zn) all fall under the B or C criterion. According to the consulted reports (Berryman 1996; Berryman et al. 2003; Cogesaf 2006; Painchaud 2007) , these toxic metals and other contaminants (e.g., PCBs) were detected in benthic fauna and fi sh found in the Saint-François River. For instance, in the fl esh of white sucker (Catostomus commersoni), high concentrations of PCBs in the order of 1,500 to 1,700 μg/kg were detected (Painchaud 2007) ; these very high values are close to the levels considered to be harmful (≥2,000 μg/kg) according to the criteria established for the protection of bird and mammal predators (MDDEP 2006) . Also, 17% of the fi sh collected in the Windsor-Richmond area, including northern pike (Esox lucius), showed abnormalities (e.g., tumours).
Based on the results obtained, it seems diffi cult to account for the differences noted in the heavy metal and hydrocarbon levels at the various sites. One could expect to fi nd the highest concentration levels around the Eustis mine (MAS-13 and MAS-13-2), the probable location of the discharge, whereas the highest concentrations for hydrocarbons (C 10 to C 50 ) were actually found in the Windsor and Richmond sites (STO-4, STE-11, and ISL-4).
The lowest levels of contamination in the Massawippi River soil samples could possibly be explained by a higher dissolution of pollutants through fl uctuations in the water table, thus resulting in a faster dispersion of contaminants by leaching. The Massawippi River is prone to periodic fl ooding (Jones 1998; Saint-Laurent et al. 2001; Saint-Laurent and Saucet 2003) , which causes the banks to overfl ow on numerous occasions during heavy rain and frequent variations in the river water level. It is therefore likely that these variations in river water level would create frequent variations in the water table (Krause and Bronstert 2007) , and in so doing, would lead to rapid leaching of the contaminants. A similar observation was made by Ciszewski and Malik (2004) in their study of the Mala Panew River in Poland, which showed a major decrease in the concentration of heavy metals in the soil in less than 40 years due to frequent variations in the water table. In our case, a more in-depth study would be needed using piezometers along the banks to truly assess this hypothesis on the effects of fl uctuating water levels. Lastly, there have likely been other spills (local contamination) in the Windsor and Richmond areas, which could explain why higher contamination levels are seen along these banks. However, a document search (e.g., government reports, newspapers, archives) did not reveal any information on the above events. One could wonder also whether the differences detected in the concentrations of contaminants could be explained by pH, textural variations, and/or the organic carbon content in the riverbank soil materials. Various studies showed that the presence of organic matter in the soil favours greater water retention and thus contributes to retaining hydrocarbons and heavy metals in the sediment (Calvet 1989; Bubb and Lester 1996; Hayden et al. 1997) . The acidity of the soil or sediment can also increase the mobility of heavy metals (Calvet 1989) . It is also known that contaminant levels usually decrease in soil textures ranging from fi ne to coarse (e.g., clay loam, silt, loamy sand, fi ne sand) and based on depth (de Groot et al. 1982; Bubb and Lester 1996; Nikanorov and Stradomskaya 2003) . In other words, one can expect to fi nd higher contaminant levels in sediment with a fi ne texture and high organic content. Some physical and chemical properties (e.g., pH, TOC) of the soil samples collected in the contaminated profi les are presented in Fig. 3, 4 , and 5 and in Table 2 . The soils that were analyzed generally showed relatively low pH values (Fig. 3) , ranging from 3.56 to 7.09 with a median value of 5.45 (Table 3 ). In some cases, acid samples were generally found at the base of the soil profi le . TOC ranged from 0.06 to 1.56%, with an average value of 0.62% and a median value of 0.63 (Table 3) . The TOC concentrations are generally low values in the soil profi les (Fig. 4) , with a few exceptions (STO-12 and STO-16). A slightly higher organic matter concentration was usually observed in the subsurface of the solum, but this was not the case for all the soil profi les (e.g., STE-8, STE-11 and STO-15). The data obtained from the soil texture classes examined are relatively similar from one site to the next (Fig. 5) . The dominant textures ranged from very fi ne sand to fi ne and very fi ne sandy silt. The proportion of sand in the soil samples ranged from 35.6 to 94.3%, with a mean value of 61.8%, and the proportion of clay ranged from 2.4 to 25.1%, with a mean value of 10.1% (Table 3) . Additional data on pH, soil texture, and TOC concentration levels in riverbank sediments from neighbouring sites showed relatively comparable results (Lavoie et al. 2006) , i.e., little variation in pH and texture and fairly low organic matter content in the soil surface (±1-meter depth). In short, there was not much variation in pH, soil textural class, and the respective TOC concentrations from one site to the next. For instance, in the soil profi les with low or higher contaminant levels (hydrocarbons C 10 to C 50 ), the texture, pH, and TOC values were relatively comparable ( Fig. 3, 4, 5) . This leads us to believe that these parameters do not account for the differences observed in the hydrocarbon concentrations between the sites analyzed. In this regard, the study by Martin (2004) conducted in the Lahn River area (Germany) reached similar conclusions, namely that there was a low correlation between texture and organic matter content and the heavy-metal levels detected in terrace sediments. Other studies (Taylor 1996; Leece and Pavlowsky 1997) reached appreciably the same conclusions as Martin (2004) , mentioning a weak relationship between metal concentrations and fi netextured, organic-rich sediments.
Conclusion
This study revealed a recent case of spatially delineated contamination along the banks of the Saint-François and Massawippi Rivers, and identifi ed the type and concentration of the contaminants found in the riverbank soils. The contamination most likely originated from discharges at a former mining site (Eustis mine). The riverbank contamination extended for over 100 kilometres between the municipalities of Eustis and Drummondville, and the contaminants primarily consisted of hydrocarbons (C 10 to C 50 ), heavy metals, PCBs, and PAHs. The pollutants (heavy metals, PCBs, and PAHs) indicated low levels of contamination except for some metals (Cu and Zn). For hydrocarbons, the highest levels of contamination were found at the Morin Island and Windsor sectors (ISL-4, STE-11, and STO-4), and at moderate levels for some other sites (EUS, STO-10, STO-14 and STO-15); the levels ranged from 300 to 700 mg/kg and are part of the B criterion. This level creates certain usage constraints since the standards are issued by the Ministère du Développement Durable, de l'Environnement et des Parcs du Québec (MDDEP 2007) . Considering the soil properties, the texture, pH, and TOC values were relatively comparable, and the same was true for the profi les with low or higher contaminant levels. This analysis also showed that although the polluting discharge was produced many years before, traces are still found today. Finally, it is to be hoped that government policies will be more stringent toward polluting industries in order to ensure a higher level of environmental protection.
